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Diffusion of Deterrents into a Nitrocellulose Matrix.
An Example of Diffusion with Interaction

B. W. BRODMAN, .1. A. SWPIA, JR., adS. SCHWVARTZ, hdon
Dcvclopinent and L'ngineering Dirctlorate, Frankford Arsenal,

Philadelphia, Pennsylvania 19187

Synopsis

'I'Io diffusion of various concentrations Iai doterreki,(di-n-butyl plithalate) into a spherical,
nitre *lycerinl-cantaiiiing nitrocellulose mnatrix was studied. It wvas concluded Otat the final
concentration profilo could best be0 exp~lainedI by a diffusion with interaction inechanisin. Based
on this mechanism, a inethod for calculating the dep)th of deterrent penetration is p~resented.

INTROD)UCTION

Deterrents arc materials which are diffused some distance into nitrocclihilose-

For this reason, a study was made of the dlepth of penetration of di-n-buityl
phithalate (DBP, a (leter-rent) obtained when various concentrations were dif-
fused (uitilizing it scaled-down produiction technique) into a spherical, (louble-
base (niitroglycerini-conitaininig) nitrocellulose mantrix.

Past work to establish methods for measuiring the depth of J)13lP penetration
into a nitrocellulose (NC) mnatrix u1tiliZe(l Stainlinlgia andl oJtielil techniques.3

Levy' 1)ostulatcd a shallow' deterrent gradient from the (liffutsionl front to the
i ~grain surface and mecasured the effect, of concentration and other process vari-

ables on depth of deterrent penetration. An autoradliographic study'1- of the
D1311 concentration p~rofile in it Spherical INC matrix showed that the concen-
tration of D13P was level through the body of the (deterredi region (which is only at
portion of the graini diamecter), with an abruipt (drolp in concentration, andl that
the visually observed deptht corresponded to the actual depth. Fuirther, this
work' indicated that a diffusion with interaction miechanismn could account for
this type of concentration p~rofile, An infrared study' has demonstratedl that
hydrogen bonding occurs between the carbonyl groupj of DBP and the unesteri-
lied hydroxyl groups in 'NC andl also mecasured the lengths of these interactions.

Brodman8 has shown (hat hydrogen bonding oeccurs between uinesterified hy-
droxyl groups in NC, and again the bond lengths were mecasured. However,

rent-NC hydroxyl interactions. Fuirther, a subsequient stwdy 7 considered the
1905K
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hydrogen borndi characteristics of both ethyl-acetatc (EA) and nitroglycerine

(NGin it NC matrix. Tliese'resuilts indicated that EA does hiydrogen bond to,
theuneterfic-hyioxgrupsinwNVC and that the bond strenigth of this ;.iter-

action -is t he- samie ais that obtained 'for -the DBP-NO interaction. Also, it
- - as shoiW' ",that-ING does not hydrogen bond to-iiunesterifiedhIydroxyl groups in

Iherzogs described the 1110 impregnation process and has shown by mlicro- -
scopic-examination of -sectioned-grains that the- residual EA whichl remains in

lo~rter, tisrefrmceindicated that s3mce-tesidual solvent should be left in the

grain in order.-to faicilita to dIeterring.

XC spheres used in this study were undeterred WC870 ball propellant made
by 1.1adger Army Ammunition Plant. the moisture-free composition oi the

NC splieres was 1.22% diphienyhiinine, 0.49% ESA, 0.64% DINT, 0.31% DBP
(both D)NT mid }EA-are p~resenit as Pontaminants), 9.40% ING, and 87.94% No

(l8~.hN) etrmne bydifeene foma olentexratale ratin.The
spheres miged in size from 0.034 to 0.027 in. Purified di-n-but-yl phithalate
was o1)trinedO fromt Fisher Scientific Co.20 50 wae

-Scaled-Down beferring Process. WC870 prop~Uiant, 20 , 50 nlwae
and 1.3 g:SwiftsCrlloid #1 (Swift and Co.) were placed in it 2-liter, three-neck
flask equipped with at 8tirring blade and at condlenser.]uingte(eer
process, the, fln,* wtu -laced in at constant temperature water bath and malin-
taincd at 76' * 0.59-C A separate e4mulsion of DBP wats p~repared by dis-
solving 0.1 g Swifts #1 Oo11 'id in 50 nil water and adin~~lg the app~lropriaite amnounit

of'D1~ toihe~ohtio.:he DEl' emulsion was minitained aic~,t 7600 prior to

ecmulsion whicht contained 3 parts of DBP to 5 lpoets of water/colloid was added

j; to the dderring flask. After addition of the D1)W emulsion, the flask was main-
tained at A6'* i O..500 for 6 hir with constant stirring. These conditions haveI
been shown to result~ in quantitative transfer of the deterrent to~the p~ropellant
grains At the enid of the 6-hr p~eriod, the liquid w~as p~ouredl off and the p~ro-
pellant was washed w~ithi I lite r of wa ter. After washing, the deterred propellant

ws wallowed to air dIry overnigigt at ambient ~emperature. Further migration.4of detcrren~t during ivashling, drying, and storage did not present at problem since
ppst work' has sho wi that hydrogeii bonding to NC occurs.

Microtomiing. Thirty hidividua) grains of the deterred p~ropellanit from each
run wvere mminted (,n 'Is in. ceramic rods with Titebond Glue (Franklin Glue Co.)

3 and 'microtomeO into sectious about 22 IA thick. The sections were then per-
f manently mouirzed on~microscope slides with Permnounit (Fisher Scientific Co.).

Measuring. The mou~nted grain segments were measured using a Unitron K
TrMS-l566) measuring mnicroseope equipped with a lOX eyepiceceand lOX objec-
tive le~is. The maximum error in measuring the dlepthl of p~enetration w~as h5 p.

'Detertrimdion~of DBP iitid EA. Both DB3P and EA were determined onl the
dcterr&~g'rAins by extracthig the propellanit -with at methanol/aceptone mix~ture.

The resln'iquid extractt vms thiensuibjected to gas-chiromatographlii analysis.9
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DISCUSSION
The purpose of this study was to measure the cleptl, . DBP pecntratioii in A

spherical, NG- containing, NIC p~ropellant grain and to provide a means for
predicting thc depth of~pcnetration. This metliod~of prediction 'was-basecl oil a.
diffusion with interaction mechanism and thcrcfore had to; consider other factors
which would alter the extent of deterrent interaction. Further, this descrip?-
-tioiis~offercd as anl interesting general example'of a nonclassical concentration

N ~profile (one which does not obey Fick's law) o1lkain~d. from a case of diffusion with
interaction.

The hiydroxyl group dlensity of the N~IGs importiant ini-DBP dejp,1 conmidera-
tions since an interaction has been shown to exist between th',) &teirent carbonlyl
group and the unesterified ]iydroxyl trroups-ifi NO. The relationship used to
establish, the nuinber of -hydroxyl gn ;lps ler~repeatmuibi (N-ol1) based onl NC

nitrogen con-tent, (X,';) is giveo below:

N-on .3A)-14.01 -- (45)~X) (1)v

The hydroxyl group density (p-oii) of-the single-base grain canl be calculated
from the ~sJpcific gravity (p,,,) and the number of hydroxyl grouips per NC repeat
unit according to the following eqluation:

p-on P~bN..0 1  -(XrPA + Xmlnl + Xxwwr)I (2)

where IVen is the gra-m-miolecular weight of a INC repeat unit and XDpA,
XVX, And XMi,p are-the weight fraotions of dipheniylamine, dinitrotoluiene, iind

dibuitylplithialatte priesent as either stabilizer (DPA) -or contaminants (DNT,
DBlP) in the, single-base grain,

In similar fashion, tho initial molecular densities of )BP and EA (PI)nrtI, PEA
were calculated. Since e liniiitiail 3BI' contenttof thie propellanitis distribuited
hiomlogeneously, the hydrox-yl group (density was coi rýcted for the I)BP-NC~ou
interaction in the following way:

p011 P-oil PDB.Pt (3)

where p-ol 'is the dlensity of -hydroxyl groups which are available for fuirthert L
V interaction. Because of the comiplex-nature of the NOC matrix, a certain frae-I

tion, of NO-oil groups would be precluded from an interaction. Therefore, it
became necessary to correct p-on' for stenoc hindrance.

The~hydroxyl group dcnsity that is available and accessible for interaction is
giveni below:-

P 4ý-O1L P-Ojil (1 -XOlli~d) (4) 1
Since-the residual solvent (EA) has been shown. to hydrogen bond through :ts

carbonyl group) wit), NC-on1 groups rund the resulting strength is the same as
~. { that for the DB1P, NC-()It interaction, a number~ of NC-0,11. groups are blocked

>1 from D)BP-NC interaction. Also, previous, work has shown that due to manul-
facturbig conditions, the RA is found near the surfa-ce of the grain. Conse-
quently, ill the development of the following prediction, the EA was treated

'A4
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Fh Jrig in brae s it nd eq. 5)ri flectal tal e vos of th/Ie) fortvrrei d r)3'cnegtion .bae

a moilthweighulaet of DB' and. ihrnor ditriued homogellneously throghu thilbean
lctercble re11ginFroup geositricB consierationsg therm folsmlowying, sttemn was-
fowigrmulatiosidwsotand

-ffR) I~ + ~ h~ (A~11  (6)
3 3-i 3 -AIWIIIDUP 1P -O11 -X

wherter in brareseine.()rfets the dobeb eniy( ontaiing of tildeered proegiontbse
oN. the weightdraio'numbr ofd DM'(Xni) in the pra-opelulant an teavilable and
acesible -ept 1 rofupe detainisiy By c olltectingj1o ter o anod upafticle thze foi-

lowng relatialothrsheip w a ctobsain ed: i hscluainpoue tln hc

whereld rcprse nt vaithei ( -oule-bare density (of cnitrationwing) o s the w r antd
aconted is r Aoandrostnmer, aindral ince isTherfei gras-moeulnar l wegtof DinP 4e

Thei hidepth ofalcntortion t is calculatedn Fsurther,~ itoavoi latikele size vacrtia-
fations.f th wasdfoxnd thout as hi.3%esed fancetr survidedltebs i o the slttopreac

win.As o arale boteeleilna ie shown in Figure 1. Thr sfi]) odareen onwely varabe

sacltedi h indace fatoind the xeimnalculaion. FuTher isexermselikly thata ertain-
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_____________ ABL I__ _ _ _ _ _ _ _ 7F
Comparison of Calculated-and Experimental Deptl.O0at

Calculated Experimental

DP,% depth7 pun depth,ju A, p

1.67 14.95 16.261
267797 3200

3.98 28.- 48 33.27 5
5.17 36.12 42.16 6
6.53 42.70 47.Z5ý0 .5
7468 56.10 58.422
8.48 64.03 70.87 7
9.51 72.59 75. 95J

tained by mnicrotoming and measuiring the diameter aind dejpth of' penetration o

30 graing, it eChl concentration stuitced, lit some ceasses, the, grains: were ob-
long so tilc major andl m1inor n~is were mea~Stred gind the diameter takent as the
average. 'DBP depths of penetration were calculated using eq. (6) and eoin-
pared with the experimental re~sults in Table 1. As can be seen, the predicted
depth was within experimental error of thie mneasured depth in aill huit tw(u cases.

These data indicated that the relittionship betweea deterrent; depth and con-
ccntration can best le (deseribed by a diffutsion with internefion me-hmnism.
Further, it hafs beenl Shown that an interaction inivolving a sec-ond molecule, hA,
can be used to alter the depth of penetration; and Ifinailly, a method for pri-
(licting the depth of deterrent p~enet~ration for a fixed timle anf] temperattn'c has
been developed. Perhaps thle more general lesson learned inl 0ijs study is that a.
chemical interaction should be looked for. whenl none1lassical co icentration gradi-r ents are observed exp~erimentally. Further, these interactions, ill 'Some Cases,
may be exploited in order to alter the depth of penetration, for a giveit concenii'
tration, by blocking initeraicti ng groups ini thle sol id matrix. Finally, whenhinter-

aictions are responsible for ioionellassica4 (I iffusion graldienltls aill factors wh-1ich alf-
feet the intercio (such as terie hindrance) must be considered.

I. J. f), Quinlan, A Alicroscopic Examination of ExtrudedI Double Bos~e Propellant, Frank-
2. it. 11. 2lIlford, FurtherStudies on the fliffuii.m of N~itroglycerine auid Dibutyl Plithanlate

Into Bull Powder, Winchester-AWosteri, Div. Trechnical Report No. 1MR-6S-2, Now Tlaveit,

3. '.M~I 16.R.LvMirsoc Studies of Bail Vropellant, Prannford Arsenal Report 11-1286,

4. 13. W. BrdaI. 1l. evin-', It. W.1 Finch, and( A'Lr MeLaren, J. Appl. Polym. Sci., 18,
3739 (1974).
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